Photoluminescence studies of ZnTe-CdTe strained-layer superlattices by Miles, R.H.
Photoluminescence studies of ZnTeCdTe strainedlayer superlattices
R. H. Miles, G. Y. Wu, M. B. Johnson, T. C. McGill, J. P. Faurie et al. 
 
Citation: Appl. Phys. Lett. 48, 1383 (1986); doi: 10.1063/1.96916 
View online: http://dx.doi.org/10.1063/1.96916 
View Table of Contents: http://apl.aip.org/resource/1/APPLAB/v48/i20 
Published by the American Institute of Physics. 
 
Related Articles
High-quality AlGaN/GaN superlattices for near- and mid-infrared intersubband transitions 
J. Appl. Phys. 111, 013514 (2012) 
Whispering gallery modes with different polarizations in semiconductor microrod with rectangle shape 
Appl. Phys. Lett. 99, 261112 (2011) 
Electronic structure and optical properties of Ag3PO4 photocatalyst calculated by hybrid density functional
method 
Appl. Phys. Lett. 99, 191903 (2011) 
Effect of indirect interband absorption in Ge/SiGe quantum wells 
J. Appl. Phys. 110, 083119 (2011) 
Ultra high-density silicon nanowires for extremely low reflection in visible regime 
Appl. Phys. Lett. 99, 153108 (2011) 
 
Additional information on Appl. Phys. Lett.
Journal Homepage: http://apl.aip.org/ 
Journal Information: http://apl.aip.org/about/about_the_journal 
Top downloads: http://apl.aip.org/features/most_downloaded 
Information for Authors: http://apl.aip.org/authors 
Downloaded 16 Jan 2012 to 140.114.195.186. Redistribution subject to AIP license or copyright; see http://apl.aip.org/about/rights_and_permissions
Photoluminescence studies of ZnTe-CdTe strained-layer superlattices 
R. H. Miles, G. Y. Wu, M. B. Johnson, and T. C. McGill 
California Institute of Technology, Pasadena, California 91125 
J. P. Faurie and S. Sivananthan 
Department of Physics, University of Illinois-Chicago Circle, Chicago, Illinois 60680 
(Received 4 February 1986; accepted for publication 25 March 1986) 
Photoluminescence from ZnTe-CdTe strained-layer superlattices has been observed for the first 
time. Superlattices with CdTe and ZnTe layer thicknesses between 20 and 51 A have been 
compared with Cdx Zn 1 _ x Te alloys. The superlattices display intense visible photoluminescence 
which is observed at lower energies than for corresponding alloys. Both the intensities and 
energies of the luminescence indicate good superlattice structure. Second order k·p calculations 
have been performed and are found to be in agreement with experiment. Substrates greatly lattice 
mismatched to the superlattice are shown not to playa role in determining the band gap as the 
lattice constant jumps to that of the free-standing superlattice. 
Strained-layer superlattices have recently attracted 
much attention, both as tools for blocking dislocations dur-
ing crystal growth and as new and interesting materials in 
their own right. I These structures consist of alternating lay-
ers of two lattice-mismatched materials. Layer thicknesses 
are kept small to accommodate stresses without producing 
misfit defects at interfaces. 
We report on a ZnTe-CdTe strained-layer superlattice. 
This is a new II-VI superlattice with a lattice mismatch of 
6.2%. This strained-layer system has an energy gap in the 
visible, making it a promising light source and photodetec-
tor. 
We have observed the first photoluminescence from 
ZnTe-CdTe superlattices. We also report on luminescence 
from a Cdx Zn 1 _ x Te alloy. The samples used in this study 
were grown in a Riber 2300 molecular beam epitaxy (MBE) 
machine. In the case of the alloy sample, 4.1 f.1m of (100) 
oriented Cdo.37Zno.63 Te was grown on a (100) GaAs sub-
strate. The achievement of an epitaxial (100) orientation 
under these conditions has been reported previously.2 The 
superlattices are listed in Table I. CdTe layers varied in 
thickness between 20 and 49 A, whereas ZnTe barriers were 
between 20 and 51 A wide. The superlattices were grown 
(100) on either (100) CdTe, ZnTe, or Cdx Zn 1 _ x Te buffer 
layers. The buffer layers for samples 4 and 8 were grown 
directly on (100) GaAs. Samples 1, 2, and 3 were each 
grown on step-graded Cd" Zn 1 _ x Te buffer layers, starting 
with ZnTe on a (100) GaAs substrate and increasing Cd 
content in discrete increments as growth proceeded. The 
Cdo.s Zno.s Te buffer layer of sample 6 was grown on a 30 AI 
30 A CdTe/ZnTe superlattice, whereas sample 7 was grown 
on three superlattices of increasing Cd content. Buffer layers 
were chosen to establish (100) epitaxy and to study the 
propagation of defects from the substrate.:I Transmission 
electron microscopy confirmed a period of 40 A for sample 
8. Periodicity of the other superlattices was determined by x-
ray diffraction. Relative ratios of Cd to Zn were determined 
for each sample through energy dispersive spectroscopy 
(EDS). In addition, pieces of samples 2, 3, and 4 were inten-
tionally alloyed and analyzed through x-ray diffraction. 
Compositions determined from these data were in excellent 
agreement with results derived from EDS. 
Photoluminescence spectra were accumulated for tem-
peratures between 2 and 65 K. Samples were mounted in a 
Janis DT-8 helium immersion dewar. Cooling was achieved 
either by blowing cold He gas over the samples or by immer-
sion in superfluid He. A Coherent CR3000K krypton ion 
laser and a Coherent Innova 20 argon ion laser were used as 
excitation sources. We used the Kr violet lines at 4131 and 
4154 A and the Ar green line at 5145 A in order to pump the 
samples at energies above the band gap. Photoluminescence 
was detected with an S-I photomultiplier after passing 
through a Spex 1404 double-pass spectrometer. 
Typical photoluminescence from the samples at 5 K is 
shown in Fig. I. The spectra from the superlattices are qual-
itatively similar to each other and display gross differences 
from the alIoy spectrum. The alloy photoluminescence is 
characterized by a weak, broad feature with a high-energy 
TABLE 1. Summary of experimental and theoretical band gaps (e V) at 5 K for the superlaltices studied. Band gaps for alloys with the corresponding mole 
fractions of CdTe and Zn Te are included for comparison. 
Superlattice k·p with strain k.p with strain k.p 
Sample (CdTe/ZnTe) (A) BuJfer layer Experiment (ogtt'-!>18nding ) (o~u"c') without strain Alloy 
25/35 CdTe 1.87 1.83 1.55 1.84 2.01 
2 28/21 CdTe 1.81 1.79 1.58 1.81 1.89 
3 51/50 CdTe 1.69 1.69 1.39 1.70 \.qd, 
4 27/30 ZnTe 1.81 1.80 1.79 1.82 1.97 
5 21/30 Cd"., ZIlo., Te 1.83 1.86 1.82 1.88 2.02 
6 26/33 Cdo, Zno., Te 1.82 1.82 1.77 1.84 2.00 
7 34/36 Cdo.,Zno.5 Te 1.74 1.74 1.71 1.77 1.95 
8 22/18 Cd", ZlIo., Te 1.78 1.83 1.81 1.84 1.91 
1383 Appl. Phys. Lett. 48 (20). 19 May 1986 0003-6951/86/201383-03$01.00 © 1986 American Institute of PhYSics 1383 
Downloaded 16 Jan 2012 to 140.114.195.186. Redistribution subject to AIP license or copyright; see http://apl.aip.org/about/rights_and_permissions
c , 
PHOTOLUMINESCENCE AT 5K 
Sample 5 
Sample 1 
Cd Zn Te 
O,J7 O~l 
1600 1700 leoo 1900 2000 
ENERGY (meV) 
2100 
FIG. 1. Photoluminescence spectra of superlattices I and 5 and 
Cdo 37 Znu.oJ Te alloy at 5 K. Each spectrum is plotted on a different vertical 
scale. 
cutoff of 2.02 eV at 5 K. The superiattices display intense 
well-defined peaks at the high-energy end of the spectrum. 
Sample 3 displays two such peaks. All other superiattices 
display a single peak. Low-intensity luminescence is appar-
ent in several samples to energies several hundred meV be-
low the high-energy peak. In all superlattices the high-ener-
gy cutoff is observed to be lower than expected for the 
corresponding alloy. This shift to lower energy is in general 
agreement with theory; superJattices display band gaps 
which are lower in energy than those of alluys with the same 
composition. Another confirmation of superlattice structure 
comes from the intensity of the luminescence. Each of the 
superlattices was observed to be several orders of magnitude 
brighter than the alloy under identical pump conditions. 
We identify the high-energy luminescence edges with 
the sample band gaps. Temperature-dependent studies yield 
a binding energy ofless than 3 meV for the high-energy su-
perlattice peak. (At 30 K the luminescence intensity is down 
a factor of2-3 from the 5 K intensity. At 65 K the feature has 
almost disappeared.) This temperature-dependent behavior 
is inconsistent with conduction-to-valence band lumines-
cence and supports the assignment of the gap to the high-
energy cutoff. The high-energy peaks in the superlattice pho-
toluminescence spectra are consistent with an exciton, 
which is also observed at much lower intensity in the 
Cdo.37 ZIlo.63 Te alloy. Weaker, lower energy features in the 
luminescence spectra are associated with Cdx Zn l _ x Te 
buffer layers of high Cd content. Our Cdo.37 Zn063 Te band 
gap of 2.02 e V is in reasonable agreement with the expected 
2.05 e V gap.4 The shape of the alloy luminescence is similar 
to that observed by Olego et a/. 4 
We have performed theoretical calculations of the 
superlattice band structure. The nature of our calculations 
has been described previously by Wu et al. 5 •6 for the case of 
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HgTe-CdTe. We use a second-order k·p method with spin-
orbit splitting and strain effects included. Our basis set con-
sists of the two bottom conduction bands and six highest 
valence bands. Effects due to bands not included in the basis 
set are added through Luttinger valence band parameters. 
Our basis set is described by the band gap at the r point, 
Eo; the spin-orbit splitting, ~o' at this point; and Ep ' which is 
related to the square of the momentum matrix element 
between sand p states. These and the Luttinger parameters 
q, Yz, and Y3 were taken from Lawaetz. 7 We set q to zero and 
Y2 and Y3 equal to the average ofyz and Y3' This approxima-
tion simplified computations and was consistent with char-
acteristics of isotropic bulk bands. 
Strain effects were included through a four-parameter 
deformation potential. We followed Pikus and Birx in defin-
ing the three independent strain parameters a, b, and d. Hy-
drostatic shifts in energy bands originating from p-like orbi-
tals are described by a, whereas parameters band d 
characterize uniaxial strains. In addition, a parameter c was 
introduced to describe hydrostatic shifts in s-like energy 
bands. For ZnTe we took b = - 1.78 eV and d = - 4.58 
eV, from Kaplyanskii and Suslina. 9 For CdTe, b = - l.I8 
eV and d = - 4.83 eV, in accordance with Thomas. 10 Pres-
sure coefficients yielded a = 1.35 eV, c = - 2.70 eV for 
ZnTe and a = 1.23 eV, C = - 2.20 eV for CdTe. II Elastic 
constants were taken from McSkimin and Thomas l2 for 
CdTe and from Berlincourt et al. 13 for ZnTe. 
The results of our calculations are shown in Table I. 
Agreement between k.p calculations and experiment is good 
when the lattice constant is assumed to be that of the free-
standing superlattice. Calculations based on this lattice con-
stant are in all cases within 50 meV of the observed band 
gaps. By contrast, calculations which assume a superlattice 
lattice constant equal to that of a pure CdTe top buffer layer 
yield band gaps which are 230--320 meV lower than ob-
served. Calculations based on the lattice constant of the top 
buffer layer are in better agreement with experiment when 
the layer is ZnTe or Cdo.5 ZnO.5 Te, but the agreement is best 
when the superlattice is assumed to be free-standing. This is 
not surprising, as it is energetically highly favorable for the 
lattice constant to relax to that of the free-standing superlat-
tice. Total strain energy in the system drops dramatically 
when the strain is distributed between both sets of layers, 
rather than being stored solely within the ZnTe or CdTe. 
Static calculations suggest that strains due to a 6.2% lattice 
mismatch cannot be sustained for more than a few mono-
layers without the appearance of dislocations and point de-
fects. 14•15 Hence it is to be expected that superlattices grown 
on pure CdTe or ZnTe buffer layers will immediately relax 
to a lattice constant closer to that of the free-standing super-
lattice. This relaxation is achieved through misfit defects at 
the interface between the buffer layer and superlattice. Once 
relaxed, static calculations suggest that the superlattices can 
be grown defect-free to layer thicknesses greater than those 
examined here. 14.15 
Theoretical superlattice band gaps for samples with 1-
30 CdTe or ZnTe layers per superlattice period are shown in 
Figs. 2 and 3. Figure 2 shows the superiattice band gap at 5 K 
as calculated from a Bastard model 16 assuming no valence 
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FIG. 2. CdTe-ZnTe superlattice band gap at 5 K as a function of number of 
monatomic layers per superlattice period. Contour interval is 50 meV. Cal-
culation was done using a Bastard model which neglected effects due to 
strain. 
band offset between CdTe and ZnTe. Figure 3 displays re-
sults of the same calculation when strain effects arising from 
a substrate lattice matched to the free-standing superlattice 
are included. Second-order corrections described by Lut-
tinger valence band parameters were neglected in our Bas-
tard model calculations, which resulted in band gaps consis-
tently 30-40 meV lower than predicted by k·p calculations. 
The Bastard model was chosen for these plots as it reduced 
computation time and differed from the k.p calculations 
only by this uniform 30-40 me V shift. Strain is shown to play 
a major role in shaping the change of band gap as CdTe or 
ZnTe layer thickness is modulated. In particular, for thick 
CdTe layers (more than about 15 monolayers), increasing 
the ZnTe barrier width actually decreases the band gap over 
certain ranges ofZnTe thicknesses. This is due to the relative 
positions of the CdTe and ZnTe heavy and light hole bands. 
In both CdTe and ZnTe the light hole band is pushed above 
the heavy hole for uniaxial compressional strain and below 
for uniaxial dilational strain. Hence in our system the CdTe 
valence band maximum is defined by the heavy hole band 
edge, whereas the light hole band maximum determines the 
ZnTe energy gap. Near the CdTe axis the ZnTe layers are 
heavily strained, which pushes the ZnTe light hole band 
above the CdTe bands and results in a light hole to conduc-
tion band energy gap for the superlattice. As ZnTe layer 
width is increased, the superlattice valence band edge ap-
proaches the ZnTe light hole edge. This decreases the band 
gap. However, as ZnTe concentration increases, the strain in 
the ZnTe layers decreases, pulling the ZnTe light hole band 
down. This effect starts to dominate at higher ZnTe concen-
trations, causing the band gap to increase. For high ZnTe to 
CdTe ratios the ZnTe light hole bands drops sufficiently that 
the band gap is defined by the heavy hole band. It should be 
noted that precise band gaps are difficult to obtain theoreti-
cally without a good understanding of the valence band off-
set between CdTe and ZnTe. We have assumed zero valence 
band offset in accordance with the common anion rule. 
In conclusion, we have studied the first photolumines-
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FIG. 3. Calculated superlattice band gaps with strain effects included. Con-
tour interval is 50 meV. Calculations assumed the lattice constant of the 
free-standing superlattice. Note the shift to lower energies for high CdTe 
and low ZnTe content. 
cence from CdTe-ZnTe superlattices. We find luminescence 
which is shifted to lower energies and is more intense than 
for corresponding Cdx Zn I-x Te alloys. Experimental super-
lattice band gaps are in good agreement with theory. The 
distribution of strain between CdTe and ZnTe layers is 
found to be difficult to modulate through choice of substrate 
as the gross lattice mismatch results in rapid relaxation of 
the lattice constant to the free-standing limit. 
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